A mechanistical model for the uptake of sulfonamides by bacteria.
The uptake of sulfonamides into bacterial cells was simulated by a dynamic model to estimate bioavailability and steady-state accumulation of sulfonamides in the cells. Uptake of sulfonamides is modeled as diffusion-like transport of the neutral molecule and the ionic species. Speciation outside and inside the cell depends on the extra- and intracellular pH and the pK(a)-value of the antibiotic active SO(2)NH moiety. The ratio between intra- and extracellular sulfonamide concentration is used as a measure for potential sulfonamide accumulation in bacterial cells. Simulated ratios are in good agreement with experimental data for various sulfonamides with pK(a2) values ranging from 5.0 up to 11.8. Sensitivity analyses indicate that intracellular sulfonamide concentration depend significantly on the degree of ionization in the cytoplasm and the surrounding medium. No accumulation in the cell occurs, if the external pH exceeds the intracellular pH. For sulfonamides with large pK(a)-values the internal activity equals the activity in the extracellular solution. Highest accumulation is reached if the pH gradient from inside to outside the cell is large, which depends on the bacterial pH-regulation mechanisms. The pH-dependent intracellular accumulation of various sulfonamides correlates well with their observed antibiotic effect on selected bacteria.